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consequently the efficiency, reduces accumulation and deposit of impurities in the combustion system, reduces environ- 
mental contaminating discharges and diminishes corrosion damages caused by acid ingredients, -such as sulphuric acid. 



BNSDOCID: <WO 8700193A1_I_> 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international appli- 
cations under the PCT. 



AT 


Austria 


GA 


. Gabon 


MR 


Mauritania 


AU 


Australia 


GB 


United Kingdom 


MW 


Malawi 


BB 


Barbados 


HU 


Hungary 


NL 


Netherlands 


BE 


Belgium 


IT 


Italy 


NO 


Norway 


BG 


Bulgaria 


JP 


Japan 


RO 


Romania 


BR 


Brazil 


KP 


Democratic People's Republic 


SD 


Sudan 


CF 


Central African Republic 




of Korea 


SE 


Sweden 


CG 


Congo 


KR 


Republic of Korea 


SN 


Senegal 


CH 


Switzerland 


LI 


Liechtenstein 


SU 


Soviet Union 


CM 


Cameroon 


LK 


Sri Lanka 


TD 


Chad 


DE 


Germany* Federal Republic of 


LU 


Luxembourg 


TG 


Togo 


DK 


Denmark 


MC 


Monaco 


US 


United States of America 


FI 


Finland 


MG 


Madagascar 






FR 


France 


ML 


Mali 







BNSDOCID: <WO 87001 93A1J_> 



WO 87/00193 PCT/DK86/00063 

1 

Title: An Additive for Liquid Fuel 
Technical FialH 

The present invention relates to an additive for liquid 
fuel, such as fuel oil, gas oil and Diesel oil, including 
5 motor Diesel . 

Background A-ri- 

For many years attempts have been made to find suitable 
agents which by addition to liquid fuels improve the com- 
bustion, reduce corrosion damages and diminish the accu- 
mulation of impurities in the system. 



lO 



Furthermore, considerable amounts of additive for liquid 
fuels have been sold and used for many years, but unfor- 
tuantely the effects obtained have not been satisfactory. 
A certain soot and oil coke reducing effect has, however, 
15 been obtained by means of certain metals. 

In order to reduce the formation of sulphuric acid and 
consequently the corrosion it is advantageous to work with 
a very small excess of air. An additional reason for aiming 
at combustion of oils at a very low excess of air is the 
20 resulting considerable improvement of the efficiency. 
Unfortunately, a low excess of air results in formation 
of soot and oil coke in large amounts. 

Disclosure of ths Invention 

It is the object of the present invention to provide a 
25 new additive, which is better than the previously known ad- 
ditives, and which, with economical profits for the user, 
improves the combustion and consequently the efficiency, 
reduces accumulation and deposit of impurities in the com- 
bustion system, reduces environmental contaminating dis- 
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charges and reduces corrosion damages caused by acid in- 
gredients, such as sulphuric acid. 

This object is obtained by means of an additive for liquid 
fuel according to the invention and characterised by con- 
5 taining 

1) manganese salts of aliphatic acids, 

2) high-boiling tar oil, and 

3 ) naphthalene 

and if desired one or several of the following additional 
10 ingredients 

4) iron naphthenate, 

5) ferric chloride and 

6) calcium salts of aliphatic acids. 

As examples of applicable manganese salts may be mentioned 
15 manganese salts of branched aliphatic acids with 8-9 carbon 
atoms, such as Manganese Siccatol® from Akzo Chemie, con- 
taining about 10% Mn, 61-67% of a non-volatile material 
as well as 35% of mineral spirits (white spirits) or 
"Nuode^ Dryer Manganese". 

20 "Nuode^B> Dryer Iron" may be mentioned as an example of a 
suitable iron napththenate preparation. 

Examples of suitable qualities of high-boiling tar oil 
may be those containing polyaromatic hydrocarbons, such as 
anthracene oil. By heating anthracene oil 40% are distilled 
25 in the temperature range 330-400°C. The flash point of an- 
thracene oil is 180° in a closed cup. 

Calcium salts of branched aliphatic acids with 8-9 carbon 
atoms, such as Calcium Siccatol® from Akzo Chemie, con- 
taining about 5% Ca, 47-52% of non-volatile ingredients 
30 and mineral spirits as the remainder of "Nuode^ Dryer 
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Calcium" may be mentioned as suitable calcium salts of ali- 
phatic acids. 

An additive according to the invention may be prepared 
from the above three compulsory ingredients by heating 
5 separately the tar oil until it is liquid and by adding the 
naphthalene during continuous heating to form a homogeneous 
liquid mixture, which is thereafter mixed with the man- 
ganese salt preparation. 

An additive according to the invention with all six in- 
10 gredients is prepared by combining a mixture formed by 
stirring of the calcium salt preparation, the manganese 
salt preparation and the iron naphthenate preparation 
with a separately prepared melt mixture of tar oil, ferric 
chloride and naphthalene. 

15 Before the additive products are marketed kerosine is 
usually added in order to obtain a stable mixture more 
easily compatible with the fuel. 

The mixture proportion of the ingredients is normally 
within the following intervals for the used preparations 
20 with a content of the specified active ingredients: 



25 



1) 


preparation containing manganese 










salts of aliphatic acids 


10- 


100 


1 


2) 


high boiling tar oil 


1- 


3 


1 


3) 


naphthalene 


5- 


15 


kg 


4) 


iron naphthenate preparation 


0- 


90 


1 


5) 


ferric chloride 


0- 


5 


kg 


6) 


preparation containing calcium 










salts of aliphatic acids 


0- 


80 


1 



Calculated on the contents of the active ingredients in 
30 the fuel it is assumed that the mixture proportion is as 
follows; it is, however, emphasized that the calculations 
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are subject to some uncertainty and should only be con- 
sidered to be illustrating: 

1) manganese salts of aliphatic 

acids (calculated as Mn) 0 . 008 -0 . 08 kg/ton fuel 

5 2) high-boiling tar oil 0 . 009-0 . 09 kg/ton fuel 

3) naphthalene 0 . 04 - 0 . 12 kg/ton fuel 

4) iron naphthenate preparation 

(calculated as Fe-content) 0-0.05 kg/ton fuel 

5) ferric chloride 0-0.04 kg/ton fuel 
lO 6) calcium salts of aliphatic 

acids (calculated as Ca- 

content) 0-0.03 kg/ton fuel 

A mixture of all six ingredients is normally used for the 
combustion of fuel oil. 

15 An additive with no content of component 6) is normally 
used for the combustion of gas oil. 

An additive with no content of component 6) is normally 
used for the combustion of Diesel oil and in case of ad- 
dition to motor Diesel oil. However, in some cases the 
20 addition of a smaller amount of calcium salts of aliphatic 
acids may be preferred, whereby a loosening of deposits, 
including hard deposits, in the entire machinery is ob- 
tained. 

The additive according to the invention is supposed to 
25 function in such a manner that it reduces the surface 
tension of the fuel, and as a result a better atomization 
and thus a better operation with fewer interruptions are 
obtained. 

The reason for soot formation in connection with the com- 
30 bustion of liquid fuel is supposed to be that the atomized 
fuel drops are too big. Consequently, they cannot be burned 
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completely and pass in partly unburned condition through 
the boiler and are deposited in tubes and on other heat 
surfaces in the form of soot. Oil coke is also formed on 
account of too big fuel drops, as the oil in these drops 
5 are heated to a temperature, at which they can coke before 
the drop is burned out. The oil coke particles formed 
cannot burn under the prevailing conditions and are con- 
sequently carried with the exhaust gas. A finer atomization 
of the fuel is obtained by using the inventive additive, 

10 whereby a far more complete combustion is ensured than 
the one obtained when the fuel is burned in the form of 
bigger drops. By atomization of finer drops the complete 
combustion is ensured by the fact that a high temperature 
is maintained more easily throughout in the formed small 

15 drops. The lower temperature existing in the centre of 
bigger drops during the combustion thereof is consequently 
avoided. The complete combustion ensures ' that unburned 
impurities do not pass through the system, and protection 
against deposits as well as against contaminating dis- 

20 charges is thus achieved. The effective atomization of 
the fuel renders it possible to operate with reduced supply 
of air without thereby preventing the complete combustion. 
By means of the reduced supply of air an increased C0 2 - 
content is obtained in the exhaust gas, which characterises 

25 optimum combustion and efficiency. 

In connection with the use of the additive according to 
the invention for fuel oil one liter of kero s ine - containing 
additive is usually added to one ton of fuel oil. In case 
of such addition it is possible to reduce the temperature, 
30to which the oil is normally preheated before combustion. 
This preheating is normally performed by electric heating 
and is expensive. The energy saving obtained per se will 
be of such a magnitude that it covers the costs of the 
additive. 



35lt may in certain cases be desirable to avoid a reducti 



on 
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of the preheating temperature, a more complete combustion 

with consequent "better results in the boiler" being ob- *° 

tained instead. 

The use of the additive according to the invention in 
5 systems for combustion of fuel oil results in a reduction 
of the formation of soot, oil coke, clinkers and sulphuric 
acid. Protection against formation of heat- insulating coat- 
ings in the boiler with a consequent high efficiency is 
thus obtained. The corrosion damages on the exhaust gas 
lO side are furthermore reduced, and any water, if present, 
is emulsified in the oil. As a result a clean and dry 
boiler with a longer life is obtained, and the system is 
more stable in operation and requires less maintenance. 

One liter of keros ine - containing additive per ton of oil 
15 is also used .when the inventive additive is added to gas 
oil. The additive prevents development of paraffin wax, 
keeps tanks, tubes and filters clean, emulsifies water, 
if present, in the oil or water formed by condensation, 
and protects against corrosion. The additive affords pro- 
20 tection against frost down to -18°C. A better atomization 
and thus a more complete combustion are ensured, whereby 
deposit of soot and coke is avoided. The more clean com- 
bustion reduces the fuel consumption and the wear and 
tear in connection with use in Diesel engines. 

25 The additive according to the invention is also suitable 
for addition to Diesel oil used in stationary as well as 
mobile Diesel engines,, e.g. marine engines. One liter of 3 
kerosine-containing additive is usually added per ton of 
Diesel oil. The additive prevents development of paraffin ^ 

30 wax, gives a more clean engine and facilitates the star- 
ting. The additive affords protection against frost down 
to -18°C. Tanks, tubes and filters are kept clean. The 
additive emulsifies any water present in the Diesel oil 
and water formed by condensation. Protection against cor- 
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rosion in tanks, tubes, pumps and valves is thus obtained. 
An improved atomization with consequent more complete 
combustion is achieved, which means that soot and coke 
deposits are avoided. As a result a reduction of the fuel 
5 consumption and less wear in Diesel engines is obtained. 

Examples 

The invention will be described more detailed below with 
reference to the subsequent examples and tests. 

Example 1 

10 Preparation of an additive for fuel oil. 

40 1 (about 36.8 kg) of Calcium Siccatol® (containing 
about 1.825 kg Ca), 20 1 (about 20 kg) Manganese Siccatol® 
(containing about 2 kg Mn) and 20 1 (about 24 kg) of the 
iron naphthenate preparation "Nuodex® Dryer Iron" are 

15 combined by stirring with a separately prepared melt mix- 
ture of 2 1 (about 2.32 kg) "anthracene oil" (40% boils 
from 330 to 400°C) , 1 kg of ferric chloride and 12 kg of 
napththalene. The resulting mixture is cooled and mixed 
with 20 1 of kerosine. One liter of this mixture is dosed 

20 as additive to 1 ton of fuel. Product data for this ad- 
ditive are : 

Density: 0.96 

Appearance: brownish liquid 

Flash point: 58°C 

25 Storage durability: unlimited. 

Example 2 

Preparation of an additive for gas oil. 

40 1 (about 40 kg) of Manganese Siccatol® (containing about 
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4 kg Mn) and 40 1 (about 48 kg) of the iron naphthenate 
preparation "NuodeiS Dryer Iron" are combined by stirring 
with a separately prepared melt mixture of 2 1 (2.32 kg) 
"anthracene oil" (40% boils from 330 to 400°C), 1 kg of 
5 ferric chloride and 12 kg of naphthalene. The resulting 
mixture is cooled and mixed with 20 liter of kerosine. 
One liter of this mixture is dosed as additive to 1 ton 
of fuel. Product data for this additive are: 

Density: 0.90 

lO Appearance: brownish liquid 

Flash point: 55°G 

Storage durability: unlimited. 

Example 3 

Preparation of an additive for Diesel oil.' 

15 70 1 (about 70 kg) of Manganese Siccato]^ (containing about 
7 kg Mn) and 10 1 (about 12 kg) of the iron naphthenate 
preparation "Nuode^ Dryer Iron" are combined by stirring 
with a separately prepared melt mixture of 2 1 (2.32 kg) 
"anthracene oil" (40% boils from 330 to 400°C) , 1 kg of 

20 ferric chloride and 12 kg of naphthalene. The resulting 
mixture is cooled and mixed with 20 liter of kerosine. 
One liter of this mixture is dosed as additive" to 1 ton 
of fuel. Product data for this additive are: 

Density: 0.85 

25 Appearance: brownish liquid 

Flash point: 55°C 

Storage durability: unlimited. 

The surprising, advantageous effect obtained with additives 
according to the invention are supported by the following 
30 tests : 
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Test 1 

In the tests fuel oil containing one liter of the kero- 
sine-containing additive prepared according to example 1 
per ton of fuel oil was compared with fuel oil without ad- 
5 ditive. 

The boiler was operated with 80% load and the boiler was 
not adjusted during the tests. 

Two tests were performed without additive (test a and 
test b) and two tests with additive (test c and test d) . 
10 The results obtained appear from the following table 1. 

Table 1 

without with 
additive additive 
a b A 

15 Exhaust gas temperature °C 209 209 211 211 

C0 2 -content % 13 . 90 14.03 13.80 13.85 

Fired amount of oil g/h 211.6 211.6 211.6 211.6 

Concentration of solids 
exhaust gas 

20 per kg of oil g/kg 4 57 4 54 x 5J , 2..S6 

S0 2 -concentration in 

exhaust gas mg/m 3 n,t 3960 4000 3930 3950 

Soot number (Bacharach) 5 5 2 2 

Dosage 0/00 0011 

25 Test 2 

In a test corresponding to test 1, but with the use of an 
additive with 20 liters of Calcium Siccatol® and with the 
addition of 50 liters of kerosine the results stated in 
table 2 were obtained 

30 Table I 
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10 



without with 
additive additive 



Test 



210 



Exhaust gas temperature °c 210 

13.9 13.9 
kg/h 210 210 



5 CO2 -contents % 
Fired amount of oil 
Concentration of solids in 

exhaust gas per kg of oil g/kg 4.6 1.5 

SO2 - concentration in 
IO exhaust gas mg/m 3 n,t 3 9 0 0 3600 

Soot number (Bacharach) 5 2 

Additive dosage 0/00 0 2 

As it appears from tables 1 and 2 essential reductions 
are obtained in the emission of solids which together 
15 with the reduction in the soot number results in a better 
operating economy in the boiler system. The results are 
obtained without adjusting the burner, as it was merely 
intended to show the effect of the additive for reduction 
of the emission. 

20 The emission during dosage of additive is below the thres- 
hold value of 2.5 g/kg of oil suggested by the Department 
of the Environment, and this indicates that a better o- 
perating economy (higher C0 2 - percentage ) during normal 
daily operation can be obtained by readjusting the burner. 

25 As mentioned the boiler was not adjusted during the tests, 
and it appears that the C0 2 -number obtained are in all 
essentials unchanged. The C0 2 -content may be optimized by 
a suitable adjustment of the boiler. 

Test 3 

30Three different fuel oil systems were tested without adding 
any kind of additive. The C0 2 -content in the exhaust gas 
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was measured to about 12.5% and the soot number (Bacharach) 
to about 5 . 

The same systems were tested with addition of 8% of water. 
The. results were: C0 2 -content 13.5%. Soot number 3-4. 

5 By adding additive according to example 1 (one liter of 
kerosine-containing additive per ton of oil) the following 
values were achieved: C0 2 -content of 14.5% and soot number 
of 2-3. 

It should be noted that no adjustments were made during 
lO the three tests. 

It is well-known to increase the C0 2 -content by emulsi- 
fying water into liquid fuel. It appears that the additive 
• according to the invention has an even better increasing 
effect on the CC"2-content. 

15 By avoiding the use of water the risk of calcareous de- 
posits is reduced, whereby the maintenance is reduced. 

A further advantage of the use of the additive according 
to the invention is that expensive emulsifying systems, as 
known in connection with the addition of water, are a- 
20 voided, as the additive should only be poured" into the 
tank or be dosed in any other simple manner. 

By using the additive according to the invention the nor- 
mally frequent cleanings are avoided. Cleaning is prac- 
tically unnecessary, and if cleaning should be desired, it 
25 suffizes to perform the cleaning when the system is stopped 
for other reasons. 

In the tests performed the boilers were more clean after 
application of the additive according to the invention 
than before the start of the tests. 
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Test: 4 

A conventional gas oil system previously operated with a 
C02-content in the exhaust gas of about 13% and a soot 
number of 1-2. 

5 After using the additive according to example 2 (one liter 
per ton of gas oil) the system operated with a CC^-content 
of about 14.5% and a soot number of 0^1. 

At his first call after the additive had been put into 
use the chimney sweeper, who had no knowledge of the use 
lO of the additive, remarked that the chimney was surprisingly 
completely dry, and that only a very small amount of solids 
had to be removed at the bottom of the chimney. 

It could furthermore be ascertained that the boiler was 
comparatively noiseless and odourless in operation in 
15 contrast to previously, where no additive was used. 

Test 5 

An old Diesel-driven lorry had previously encountered 
starting problems, and normally the exhaust was reeking. 

After addition of one liter of the additive according to 
20 example 3 per ton of Diesel oil it could after 8 hours 
driving be ascertained that the starting problems had 
ceased and the exhaust no longer reeked. It was further- 
more clear that the lorry had a better traction. 
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Claims : 

1. An additive for liquid fuel, charac- 
terised by containing a combination of 

1) manganese salts of aliphatic acids, 
5 2) high-boiling tar oil, 

3) naphthalene 

in admixture with 0, 1 or several of the following ad- 
ditional ingredients 

4) iron naphthenate , 
10 5) ferric chloride and 

6) calcium salts of aliphatic acids. 

2. An additive as claimed in claim ^charac- 
terised in that the manganese salts of aliphatic 
acids 1) are manganese salts of branched aliphatic acids 

15 with 8-9 carbon atoms, and that the high boiling tar oil 
2) is a high-boiling tar oil quality containing polyaro- 
matic hydrocarbons, of which tar oil 35-50%, preferably 
about 40% are distilled at temperatures up to 400°C . 

3. An additive as claimed in claim 1 or 2 for fuel oil, 
20 characterised by containing all six ingre- 
dients . 



4. An additive as claimed in claim 1 or 2 for gas oil, 
characterised by containing a combination of 
ingredients 1) - 5 ) . 

5. An additive as claimed in claim 1 or 2 for Diesel 
oil, characterised by containing a combination 
of ingredients l)-5). 

6. An additive as claimed in claim 1 or 2 for Diesel 
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oil, characterised by containing all six in- 
gredients . 

7. An additive as claimed in claim 1, 2, 3, or 6, 
characterised by containing as ingredient 6 ) 

5 calcium salts of branched aliphatic acids with 8-9 carbon 
atoms . 

8 . An additive as claimed in claim 1, charac- 
terised in that the active ingredients are present 
in such amounts that after addition to the fuel the content 

10 per ton of fuel will be 

0.008-0.08 kg of ingredient 1) calculated as Mn, 
0.009-0.09 kg of ingredient 2) 
0.04 -0.12 kg of ingredient 3), 

0-0.05 kg of ingredient 4) calculated as 
15 Fe-content, 

0-0.04 kg of ingredient 5), and 
0-0.03 kg of ingredient 6) calculcated as 
Ca-content . 

9. An additive as claimed in claims 1-8, c h a - 

20 racterised by containing as ingredient 1) Man- 
ganese Siqcatol®. 

10. An additive as claimed in claims 1-3, 6-8 or 9, 
characterised by containing as ingredient 4) 
"Nuodex ® Dryer Iron" and/or as ingredient 6) Calcium 

25 Siccato! 
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